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PHORBOL ESTER-INDUCED MATRIX METALLOPROTEINASE-9 EXPRESSION BY 
INHIBITING PROSTAGLANDIN E2 PRODUCTION AND PKCALPHA ACTIVATION IN 
HUMAN MONOCYTOID CELLS 
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Objectives: Mediterranean diets, of which olive oil is an important component, are associated with 
low prevalence of cardiovascular diseases, but active dietary components and their mechanisms of 
action are incompletely understood. The local production of matrix metalloproteinase(MMP)-9 by 
macrophages contributes to matrix degradation and plaque instability. Since MMP-9 production by 
macrophages could occur through a prostaglandin (PG)E2  dependent pathway, we sought to 
examine the effect of hydroxytyrosol (HT) on MMP-9 expression and activity and to explore the 
underlying  mechanisms of action.  
Methods: U937 human monocytoid cells were treated with HT (1-50 μmol/L) for 60 min before 
stimulation with 30 nmol/L phorbol myristate acetate (PMA) for 24 h or alternatively with selective 
inhibitors of both PKC iso-enzymes and cyclooxygenase(COX)-2 . Cell supernatants were tested 
for gelatinase activity by zymography and the release of MMP-9 protein, PGE2 and tissue inhibitor 
of metalloproteinases (TIMP)-1 and -2 were assayed by ELISA. Finally, total cell and membrane 
enriched extracts were analysed for COX-2 expression and PKC iso-enzymes translocation 
respectively by Western analysis.  
Results: HT (1-50 μmol/L) reduced PMA-induced MMP-9 activity at zymography in a 
concentration-dependent manner, with  50% inhibitory concentration (IC50) at 10 μmol/L (p<0.01). 
10 μmol/L HT as well as the specific COX-2 inhibitor NS-398 (5 μmol/L) reduced MMP-9 protein 
release by about  50% without significantly affecting TIMP-1 and -2 release. Correspondently, 10 
μmol/L HT inhibited the  PMA-induced PGE2 production (by 54±7%) and the expression of the rate 
limiting enzyme COX-2 (by 43±5%) without affecting COX-1. Since PKC signalling is involved in 
COX-2 expression, the HT effect on PKC activation was also investigated. We found that HT (1-50 
μmol/L) reduced in a concentration-dependent manner, the activation of  PKC alpha iso-enzyme. 
Conclusions: HT, the major olive and olive oil phenolic antioxidant, inhibits MMP-9 expression 
and release, interfering with PGE2 production and COX-2 expression in human monocytes. This 
effect seems to be, at least in part, mediated by the HT interference with PKC alpha membrane 
translocation and activation. Overall these results help to understand the plaque stabilization effect 
showed by specific components of Mediterranean diets.  
 
 
 
